The DAMPE experiment has recently reported strong indications for the existence of an excess of high-energy electrons and positrons. If interpreted in terms of the annihilation of dark matter, the DAMPE result restricts the dark matter mass and possible annihilation channels to a few case. In this paper we explain the DAMPE result with the electron-flavored Z -portal fermionic dark matter. We show that the Dirac dark matter scenario is promising to explain the excess via the processχχ → Z →ēe. The reduced annihilation cross section is limited in a range of 10 −26 ∼ 10 −24 cm 3 s −1 to interpret the excess.
I. INTRODUCTION
Astrophysical evidence shows that about 80% of the mass in the Universe is made of non-luminous and non-baryonic matter [1] [2] [3] , but the nature of the particle that constitutes this dark matter and the way it interacts with the Standard Model (SM) particles remain mysteries, which catalyzes various portals of the dark matter and extensions to the minimal SM. Of various dark matter models the Weakly Interacting Massive Particle (WIMP) is promising, since the WIMP relic abundance can be naturally around the experimental value, Ωh 2 = 0.1189 ± 0.0023 [4] for a WIMP mass around the electroweak scale. There are a variety of on-going and future experiments searching for WIMP, including direct detection experiments, which aim to observe the elastic WIMP-nuclei scattering cross section, and indirect detection experiments, which aim to observe cosmic rays from the annihilation or decay of WIMP in the galaxy.
Although no signal in direct detection experiments has been observed up to now, which puts upper-bound on the WIMP-nucleus scattering cross section, an indirect detection experiment, Dark Matter Particle Explorer (DAMPE; [5, 6] ), brings dawn to the identification of dark matter, which observed an excess in the electron/positron cosmic-ray spectrum at around 1.5 TeV [7] . There are already some interpretation to the excess [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . In this paper we propose a dark matter explanation to this cosmic ray excess from the bottom-up approach: the electron-flavored Z -portal dark matter model. The model extends the SM with a U (1) X gauge symmetry, where only the right-handed electron of the SM particles carries non-zero U (1) X charge. Anomalies can be eliminated by introducing a vector-like electroweak singlet. We investigate constraint on the model from the LEP experiment, which has M Z /g X > 2. 42 TeV with g X the new gauge coupling and M Z the mass of the new gauge boson. We further show that the electron mass can be generated from a seesaw mechanism.
The dark matter χ, which carries unit U (1) X charge, can be Dirac or Majorana fermion stabilized by the U (1) X . If χ is a Dirac fermion, there is no direct detection constraint on the model since Z is leptonphilic and the DAMPE cosmic ray excess can be explained from the annihilation of the dark matter into electron pairs directly in a sub-structure of the dark halo. It shows that the reduced annihilation cross section is limited in a range of 10 −26 ∼ 10 −24 cm 3 s −1 to interpret the excess. If χ is a Majorana fermion, the χ − nucleus cross section is proportional to sin 2 2α, where α is the mixing angle between the SM Higgs SM particles and the extra scalar singlet, and direct detection constraints can be evaded by a small mixing angle, which is favored by the electroweak precision measurements. Electrons and positrons may come from the process χχ → Z Z , which subsequently decay into eēeē with fraction almost 100%, but it can hardly fit the observed cosmic ray excess considering the constraint of the LEP.
The resulting of the paper is organized as follows: in section II we introduce the model in detail. In section III we study the dark matter relic abundance and discuss possible constraint from direct detection. Section IV is focused on the DAMPE cosmic ray excess.
The last part is concluding remarks.
II. THE MODEL
Many models with new U(1) gauge symmetry have been proposed addressing various
U (1) B+L [30, 31] , generic U(1) [32, 33] The general Higgs potential takes the form
where
expectation values of H and S respectively. There are two CP-even scalars after spontaneous symmetry breaking with mass eigenvalues
where the smaller one is taken as the mass square of the SM Higgs. The mixing angle (α) between h and s can be calculated analytically with tan
The size of α is constrained by the oblique observables as well as the Higgs measurement at the LHC. We refer the reader to Refs. [45] [46] [47] for the study of these constraints in detail.
B. The Z mass
The mass of Z can be written as
where g X is the gauge coupling of U (1) X . The Z mass may be constrained by colliders.
Since Z does not couple to quarks, there is no constraint from the LHC and we only consider constraint from the LEP, where the combined leptonic e + e − → ¯ cross sections as well as the leptonic forward-background asymmetries are used to fit the data to models including neutral bosons. Following the Ref. [48] , the Z mediated interactions are parametrized by an effective Lagrangian L eff , which takes the form: 
C. The electron mass
Due to the U (1) X symmetry, right-handed electron does not couple to the lepton doublet and the SM Higgs. Interactions relevant to the electron and new charged fermion masses can be written as
The effective operator for electron mass may arise from integrating out ψ L,R . One can also get electron mass from the diagonazition of following 2 × 2 mass matrix M:
, where U L and U R are 2×2 unitary transformation. The electron and the new charged fermion masses will be m e ≈ m y E v h /(y ψ v s ),
The unitarity constraint [50] on the model can be easily satisfied, which is similar to the case of the type-III seesaw mechanism [51] .
III. DARK MATTER
We will focus on the dark matter phenomenology in this section. Interactions relating to new neutral fermions can be written as
There are two scenarios corresponding to the Dirac or Majorana nature of the dark matter:
scenario I: κ 1 = κ 2 = 0, the dark matter is a Dirac fermion; scenario II: κ 1 and(or) κ 2 = 0, the dark matter is Majorana particle. we will discuss these two scenarios separately in the following.
A. Scenario I For this case, the dark matter is a Dirac fermion: χ = χ L + χ R and only interact with the Z : g Xχ γ µ χZ µ . To estimate the relic density of the dark matter, one needs to evaluate their annihilation cross sections. The thermal averaged annihilation cross section for thē χχ → e + e − process can be written as
where v is the relative velocity of annihilating dark matter and we have neglected the electron mass. The Γ Z in the denominator of Eq. (8) is the decay width Z , which can be written as
where f = e (or ψ).
For the case m > M Z , dark matter will annihilate directly into pairs of on-shell Z .
The non-relativistic form of the thermal averaged reduced annihilation cross section can be written as Given these expression, one can evaluate the relic density of the dark matter, which can be written as
where the factor 2 on the right side comes from the fact that the dark matter is Dirac fermion, M pl = 1.22 × 10 19 GeV being the plank mass, g * is the effective degrees of freedom at the freeze-out temperature, x F = m/T F with T F the freeze-out temperature, a and b are the s-wave and p-wave parts of the reduced annihilation cross section respectively. There are only three free parameters in the expression of the relic density: g X , M Z and m. For the direct detection, considering that χ does not couple to the scalar sector and Z only interact with leptons, there is no spin-independent and (or) spin-dependent direct detection signals in the tree level. Possible signals may come from indirect detections, which will be studied in the next section.
B. Scenario II
In this scenario the dark matter is a Majorana particle. After the spontaneous breaking of the electroweak and the U (1) X symmetries, new neutral fermions get non-zero masses and the lightest one will be stable dark matter candidate, which is the mixture of χ L,R and χ C L,R . The new fermion mass matrix can be written as
The upon mass matrix can be diagonalized by the 2 × 2 unitary transformation with mass eigenvalues
The corresponding eigenvectors arê
where θ is the mixing angle with tan −1 2θ = (κ 4 − κ 5 )/2κ 6 . In this paper we takeχ 1 as the dark matter candidate.
The dark matter couples to Z as well as CP-even scalars. Considering that the scalar mediated annihilation process is suppressed by mixing angles, we will mainly discuss the contribution of Z . The annihilation cross sections mediated by scalars are given in the appendix for completeness. The thermal average of the reduced annihilation cross sections take the form: 
where we have neglected the electron mass.
We show in the To reproduce the sharp feature of the DAMPE result, the annihilation of dark matter should dominantly occur in the local region of the solar system. A proper scenario is a relatively massive subhalo close to the Earth [54] . It has been expected that large amount of subhaloes exist in the Milky Way from high resolution numerical simulations [55, 56] . The masses of subhalos can be as high as 10 10 M , and as light as the Earth mass [55] . In order that the spectrum of CREs will not get smoothed out by the radiative cooling during the propagation, we further require that the distance to the subhalo center is 0.3 kpc [54] .
The density profile of the subhalo is assumed to be a Navarro-Frenk-White profile [57] .
Note that such a subhalo would be strongly affected by the tidal force of the Milky Way halo. The tidal radius is approximately calculated as the radius at which the density of the subhalo is 0.02 times of the local average unbound density [56] . The dark matter beyond the tidal radius is removed by the tidal force. See Refs. [54, 56] for more details.
B. CRE propagation
The propagation of CREs in the Milky Way can be described by the diffusion equation
where ψ is the differential number density of particles, D ≡ D(E) is the diffusion coefficient which is assumed to be a function of energy, b ≡ −dE/dt is the energy loss rate, and q e ≡ q e (r, E) is the source injection function.
The cooling rate of CREs can be approximated as [58] b
where E GeV ≡ E/GeV. The three terms in the right hand side represent the ionization, bremsstrahlung, and synchrotron and inverse Compton energy losses, respectively. For the local environment with (neutral) gas density of ∼ 1 cm −3 and magnetic field plus radiation field energy density of ∼ 1 eV cm 
Here N inj is the injection energy spectrum of CREs, E i is the initial energy of an electron which is cooled down to E within time t, and
is the effective propagation length of CREs within the cooling time. The convolution of Eq. (20) with the source spatial distribution and injection history gives the propagated electron fluxes at the Earth's location. In this work the diffusion coefficient is adopted to
C. Background
In order to compare with the data, we also need to specify the background component.
The background is assumed to be a double-broken power-law form as [59] Φ bkg = Φ 0 E −γ 1 + E br,1 E 10 ∆γ 1 /10
1 + E E br,2 10 ∆γ 2 /10 ,
with two breaks at E br,1 ∼ 50 GeV and E br,2 ∼ 900 GeV as revealed by the Fermi-LAT [62] and DAMPE [7] data. This complicated form may be due to the discrete distribution of astrophysical CRE sources [60, 61] . Such a background term can describe properly the overall behavior of the CRE fluxes from 10 GeV to 5 TeV [59] . The parameters are determined through a global fit to the DAMPE data including the dark matter component (see below).
D. Results
The fit to the DAMPE data with the background and dark matter contribution gives Φ 0 = 247.2 GeV −1 m −2 s −1 sr −1 , γ = 3.092, ∆γ 1 = 0.096, ∆γ 2 = −0.876, and E br,2 = 798.9
GeV. The parameter E br,1 is not well determined by the DAMPE data alone, and we fix it to be 50 GeV [62] . It has little impact on the dark matter component around TeV scale (short-dashed), and the sum (solid), compared with the DAMPE data [7] . Also shown are the observational data from Fermi-LAT [62] , AMS-02 [63] , and CALET [64] .
discussed here. Fig. 3 shows the best-fit result of the CRE fluxes compared with the data.
Here we assume the mass of the subhalo is about 10 6 M , and the distance to the subhalo center is 0.1 kpc. The mass of the dark matter particle is determined to be 1.54 TeV, and the annihilation cross section σχ χ→ēe v = 3 × 10 −25 cm 3 s −1 , for the Dirac fermion scenario. This set of model parameters gives a very good fit to the DAMPE data. The cross section is degenerate with the mass and/or distance of the subhalo. Considering the constraints from the relic density, the cosmic microwave background, and/or γ-rays, the cross section is limited in a range of 10 −26 ∼ 10 −24 cm 3 s −1 [54, 59] . This requirement can be translated to constraints on the parameter space of our models, as are given in Fig. 4 case will be favored. It should be mentioned that σvχ 1χ1 →Z Z is further constrained by the CMB, FermiLAT and H.E.S.S, where the H.E.S.S. gives the most stringent constraint for m > 800 GeV [65] and has σvχ 1χ1 →Z Z < 2 × 10 −25 cm 3 /s for m = 1 TeV.
V. CONCLUSION
We have proposed an electron flavored Z portal dark matter model to explain the observed excess. The model contains a vector-like charged singlet, a scalar singlet and a Dirac or Majorana dark matter in addition to the SM particles. We showed that the constraint from the LEP is quite loose, which has M Z /g X ≤ 2.42 TeV and the electron mass may be generated from a seesaw mechanism. To address the DAMPE cosmic ray excess, the annihilation of dark matter should dominantly occur in the local region of the solar system and the reduced cross section is limited in a range of 10 −26 ∼ 10 −24 cm 3 s −1 . Our model can easily explain the observed relic abundance and the DAMPE cosmic ray excess while evading constraint of the direct detections for the Dirac dark matter case. It should be mentioned that this model may be tested by searching for extra scalar singlet in various DiHiggs channels, and the Z resonance in future e + e − colliders, which, although interesting but beyond the reach of this paper, will be given in another project.
